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C1321.00/C 

2m^: HAKpwrrt^ -OPERATED DEVTrP. 

Meld of £he Inveotkm 

This invcaSm rdatw to a liaiKlwlieel-operated device and to a method of controHing a 
inotor of a handwheel-opejiatBd device by sensing rotation of the Jiandwhed and causing . 
the motor to rotate a chuck in dependrace iipon die rotation of the haixdwheel; 

Backgnnind fo the Ikxroitibn 

Mechtmica] devices of the kmd havhig a Wvrfied connected to a chuck dirough a gear 
train, so that rotation of the haudwheel causes a corresponding rotation of the chndc are 
weU known. Hand drills and hand whisks are exanq^les of sack devices. These 
handwheel^eraied devices are popular because a handwheel am>rds a Ugh degree of 
control over the speed of rotation of the diuck. However, tbe magntaude of the speed 
and/or torqiifi that can be developed at the cJtodk is liiiuted by the magnitode of Che speed 
and/or torque ^pHed to the handwheca.wliictinBst be provided by the nsv^ Sochdevices 
are therefore unsuitable for use o^er to^ periods or by users who lack physical strength, 
or if high levds of bofli speed and tor^ are required. 

Siunmaxy of the Litveniion 

Accoxdnig to a first aspect of the invention there is provided a handwhed-operated device 
conipiising a body, a handwheel causes aand a cShudk. fiic handwheel and tbe chncfc bemg 
rotatable idaUve to the bo<^, (be device ftoher coiopiising a fir^t motor operable to rotate 
the chuck, first sensor means responsive to rotation of the handwhed and first control 
means ppecable in catgnnction widi the first sensor means to caiise the first motor to rotate 
the chuck in dependence upon an angular displacement and/or angular velochy of the 
bdzidwhedl. 

The invention therefore provides a handwheel-operaied device that is operable by a user hi 
the same manner as a conv^onal handwheetopeiated device, sucii as a hand driU or a 
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iand whisk, but which, foK a particalar speed miJot torque applied to ftae handwheel, is 
capable of develc^ing consideacdbly more speed and/or twque at the ctoic* thaa wotiM a 
conyeotioaal haiidwheel-<^»erat©d devicse. 

Hie first cantral means may be operable to modulate a voltage appHed to fte first motor, 
prefecaibly so tJaat tbe magnitude of the vdtage is substantially pioportioiial to The ragvOar 
velocily of Hie handwheel. 

This lype of first control means is relatively straightforward m implement 

Preferably, the first control means is operable to modulate a voltage ^plied to the first 
motor snch that an angular displacement and/or auigular velocity of the handwheel. resiiHs 
m a corresponding aBgular displacement and/or angnlar velocily of the dmcik. ^Wfli this 
lype of first control means, the response of the chuck to rotation of tihe handwheel is much 
closer to that of a amvcsotlonal handwheel-operated device^ where flie handwhed and 
chuck are mechanically coiQ>led to one anoflisr, for example by agear liain, since cbaages 
in the loading on (i,e. Tesfstance to rotation of) the chuck will not alter the relationship 
between handwheel and chncik position and/or speed. 

Pscefefably the ijrsc oonirol means Is qperaWe m cause fiie polariiy of the applied voltage to 
be dependent on the sense of rotation of the handwheel so that changing the directioa of 
rotatioa of the handwheel reverses the polarity of ihe applied voltage, and hence reverses 
the directian of rotation of the chock. 



Preferably the first control means is operable to modulate ihe voltage applied to <he first 
motor in dependence on the angular velocity of the handwheel such that the angnlar 
velocity of ihe chnck is non linearly related to the angular velodty of the handwheel, the 
ratio of handwheel speed w chucjfe speed decreasing wifii incxeasmg handwheel speed. 
Smce an hicr ease in handwheel speed causes a greater than proportionate increase in chndc 
speed, this type of first control means enables a user to obtam very precise control of the 
angnlar displacement of the cfaudk at low speeds of rotation of flic hand^s*eel. yet also to 
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obtain high ajignlar velodtieB of the ctaick that would otherwise require speeds of rolatioa 
of t2ie handwheel that would be difBcute or irapissible for the nser to achieve or sustain. 

Precise control of the angular displacement of the dmc± is usefinl where the device is used, 
for exan^le, as a sarewdriver, and a user wishes to aUgn a «ca»wdrlving bit iit the chuck 
of the device witih a slot in the head of a screw. 

The first sensor means may advantageousJty comprise an angular displacexneot sensor stwh 
as a rotary encoder. Preferably the handwhed is attadied to a shaft of i3ie aagolar 
doplacement sensor. 

In a iwefetred embodimait of the invention, however, a Srst gear wheel is attached to the 
shaft of flie angular displacement sensor, a second gear wheel is attached to the handwheel^ 
and the first and second gear wheels are engageable with one anodier eiiher directly or via 
one or more intermediate gears, so that each revohition of the second gear viAeel canses 
the first gear wheel to rotate through more than 360«, preferably a plurality of revolutions. 

la this w^. an inexpensive low-iesolution angular displacemeait sensor, which produces, 
say, eight pulses during one revohition of &s shaft, can be used, because eacb revolution of 
the handwheel wiU cause severaa revohnions of the shaft of the angular displacement 
sensor, and therefore a multqde of eight pubes during a revoIutJott of the handw^ed. 
Thos, provided that the ratio of the diameters of the first and secood gear vfbeeSs is 
SOfiSciantty Ifltge. The periOTmance of an e^^ive high-resolution singular displacement 
sensor can b$ O^ytained nsing an inexpensive low-resohition encoder. 

The device may advantageonsJy fbnher compriBe second sensor means operable lo 
determine a toiqne developed by the first motor, torque feedback means coupled to the 
handwhfid and secowi control means operable in conjunction with the second sensor means 
to cause the torque feedback means to oppose the rotation of the handwhed. 
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laiMs way a user of Ihe device be pro\ided with a» mdicatioa of die torque 
developed by the first motor. wMcIi adds to die user's Impressioa of a mechanical coupling 
between tlie baadwieel and the camck. 

The second sensor means inay advantageously compnsa a fixrce sensor and Hie first it»otor 
be mounted in die body of tte device such fiiat. in use, a toique developed by the first 
motor causes a torsional reaction force to be nsmed on flie force sensor. 

The ferce sensor may advantageously be a piezoelw*fjc crystal. 

Alternatively, the second sensor means may advant^cously course measurement means 
for measuring one or more paiameters related to the torque of ihe first motor, and 
computation means operable to derive a torque of die fim motor from die one or me^ui^ 
paraxneteics. 

Prefaabfy ms measurement means is operable to measure a current sipplied to the firet 
motor. 

The torque feedback means may advantageously oonpdse a variable bralce engageable wiA 
the haadwhisel under the control of die second eontwl means. 

Tie torque feedbadc means may more advaotageoualy 8tin 

shaft of ^ch &e handwlKl is mounted. &e second control means being operable to 
a5)pJy puixeat to the second motor so as 10 oppose the rotation of the handwheel. 

Id a pnrfencd embodiment of the invention, however, the rotaiy encoder JSwms iis coaled 
to the second motor and liie first gear whad is attached to a shaft of the second motor. 

The handwheel may advantageously be provided with a handle movable betweea a folded 
position and an eaiended posifion. 
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Preferably t3ie device finOm comprises switch msam pageable wiGbi the handle, mdh 
that the first coxurol means is opecdble to cause the &st motor to rotate the dtinck only 
when the handle is in the extended positioa. 



Alternatively, tbo device may include a further jnarmal control (for example a trigger 
switch), manipulable to cause the first motor to rotate the chuck when the handle h in ita 
folded condition. 

Preferably 12ie device is a power tool- 
In one embodiment of liie ixiveotiiaiL the de\4oe is a cordless electxic drill. 
hx anofii^ Knbodimeot of the inventian the device is an electric food blender. 

According to a second aspect of the inventicn there is provided a method of controlling a 
motor of a handwheelHsparafied device, the device having a body» a handwlxeea, a cliuck 
and a motor, die handwheel being rotatable relative to the body and motor bejjog 
operable to rotate the chncfe relative to the body, the method comprising sensing rotation of 
the handwheel and cansing lie motor tp rotate the chuck in dependence upon the angular 
displacement or angular velocity of the haandwbeel. 

The invention wiU now be described by way of illustrative raampte and with reffeieiice to 
the acconq)anynxg drawings* in vvhicb: 

Hgure 1 is a perspective view of a cordless drill in accordance with the first aspect of liie 
invention; 

Figure 2 is a sdhematic sectional view of the drill of Fi^e 1; 

Figure 3 is aparti^l schematic sectional view of the drill of Pigures 1 and 2 along the line 
A-A; 

Figure 4 is a blocSfc diagram of a first control scieme for the driQ of Figures 1 to 3; 
Figure 3 is block dia^am of a second control schcam©; 
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Hgtttd 6 is Uock didgram of a third control :^eme; 
Figure 7 is bloc^c diagram of a fourth control scheme; 

Figure 8 is a graph of amplifiet gain and hence aagalar velocity of fhe chudc of the drill 

against angular vdLccity of fhe bandv/heel; 

Figure 9 is block diagram of a detail of the fburfh control scheme; 

Figure 10 is block diagram of a fiffti control scheme; 

Figure 11 is a sectional vied/ of the handwheel with the handle in a folded position; 
Figure 12 is a sectional view of the handwhesl with the li^dle in an extenided position; 
Figure 13 is a side view of an dectric whisk in accordance with the first aspect of the 
invention; and 

Figure 14 is a block diagram of ^ motor model used in the fifth control scheme. 
]>eta£Ied Description of Ehcnbodimettts 

The cotdlKS drill 10 of Figure I comprises a body 12^ a handwheel 14 and a cfaqck l^. 
Incept for fhe handwheel, the drill 10 superficially resembles a conventional drill, with a 
pistol grip IS, trigger switch 20 located in the pistol grip^ and forward housfajig portion 22 
located in front of the tfiggCT. The handwheel 14 is attached to the portion 22. A 
rechargeable battery 24 is removably attached to the base of the body. 

Turning to Figixre 2, from which the battery 24 has been omitted for fhe ppiposc of clarity, 
the body 12 contams a first motor 26. a first rotary encoder 28, a gearbox 30, a second 
motcMT 32, a second rotaiy encoder (not shown), and first and second gear wheels 34 and 
36j respectively. The first rotary encoder 28 is made np of a multipole magnet and three 
HaU e^ea detectors and is attac^hed to a first e!^ The 
gearbo:s 30 is conpled to a second end of the spindle of the first motor 26 and to the chuck 
16. 

The first gear wheel 34 is attadxed to the spindle of fhe second motor 32, The second gear 
wheel 36 is attached to fhe handwhed 14 and to a spindle on which the haadwheel rotates. 
The second motor 32 and the spindle on which the handwheel rotates are so located that 
the first and second gear wheels engage with one another, such that when the haadwheel is 
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rotated, the second motx>r is diivea, Tb& second gear wh^l has a diamecer thai: is betxva&n 
three 9aid four thnes the diajoaeter of die first whed. For each revolution of the handwheel, 
fh^efore, the first gear wheel makes between tluree and four rotations, which lactases the 
effective resolution of the second rotary encoder by between three and four times. 

The handwhecL 36 has a folding handle 38, which is dbiown in an extended position in 
Figures 1 and The handle can be moved into a folded position^ and is ejogageable witb a 
microswx£ch (not shovTu) in the folded positioa, winch microswitch disconnects the second 
rotary encoder from the first camzol means. 

The first xnotor and gearbox are secured in the body by resHient mounts, which allow a 
small amount of tomonal xaoveKnemt of the motor and gearbox relative to the body. The 
gearbox is formed with a radially outwardly projecting member 40. A piezoelectric crystal 
(not shown) is located to ^ther side of the meniber 40 sucii that if torsional movement of 
the motor and gearbox relative to Ihe body occurs, a fi>rce is exacted on one or other 
piezodiectric crystal. 

The arrangement of the member 40 and the piezoelectric crystals is shown more clearly in 
Figure 3, in which th& piezoelectric crystals are denoted by reference numerals 42 and 44. 
Figore 3 is a sectional view aloi^ the line A-A of Figure 2. 

Figure 4 shows a fhrst coxitrol scheme in which the speed of rotation of fiie handwheel is 
measured and a pulse width modulated OPWM) voltage of magnitude proportional to <b& 
speed of rotation of the hand^eel is applied to the first motor* As the handwheel is 
rotated, pulses are generated by the second rotary encoder. A first clock 46 determines *he 
fireqoCTC^ of the pulses and generates a signal representative of fiie speed of rotation of the 
hajsd^eel. The signal representative of tisuE^ speed of rotation of the handwheel is used to 
gemmate a PWM voltage whidh drives a first fieJd effect tr^ The 
first motor 26 is connected across the first h-bridge 48. 



E®« 5 dK«™ a Mo<md coaliol K*e»B m viM* fte ^ 

««I » fcefl«4 i, ^ „ ^ ^ ^ ^ ^ ^^^^^ ^ 

. ^tol to m«».,e a« a»s»J.r dfcpla«™a, of me hairfwheel 

ffld .K ae fcedbB* loop » enra, to d« angular toptaeemsm of to 
referraoe orioMation is proportional to diat of die landwlBel. 

11.= fir« cto* 4« d*«nm«. to ite,™^ o, to poIs« g«,„a^ ^ 

to same ttae a «:o,,d dock 52 ft«p^ 

. ; ««=^™°'ta^"i««™««gB.lrqmea<aavo„fto^ofrotaa» 
Ite »ieo>fa r,,m««*afl™ of to qKSds of rotuioa of to 

"'^by.«to„,^,50toga««.a,p«l«,or^. Tl» microprocessor 

a PWM voI««e to drive to h.l«ge 48 a-rf com™^ 
to to niotor H. to reduce to masaltodo of to enor sigaal. 

Kgare 6 to ««rol acian,. Of Hgure i n«difi=d by a taa, f^ck loop. ^ 
emble. a relaniing ft,rce to be ^ to to hairfwiecl, wMd. retardiog te, i, 
•t^oxima^ly proportional to to »M,„a developed by to ar« motor 26. lie eo««l 
^*o*nto«^«i,^ae«db«,iure.aflontoFiga„5. However. . 
dave,^ by to piazoelecttc crystals 42 a»d 44. wldd> is sa«ec«l to . coa,p^ 

fercedaetotoreacdo.torqueoato^«*r.ia^Hedtoa.,a™pro««o^S4 B» 
TOocessor 54 gen«a.es a PWM voltage to drive a «coad I«r 
^scc«^^32fc„^^^^^^^^^^ 

6e=e«« 1^ to rttooprocesaor 54 ca™. to second motor to ge,«^ a 
opposes the rotatiQii of ttus itaadwheel. 

^ 7 ahow. a coMTol .tottte si.^ a« aj,^ J, , ^ ^ ^ 
to «Btoe .ha. to torque a, ^ 

"»»on of to hffldwheel la propordonal to to tor,^ g«^ted by ae firs, motor 
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]xithe control scheme of Figure TiSiehandwlieel 14 is rotated and causes the ^mdle of tiie 
fiecond motor 32 to rotate and tte second rotary encxider 56 to generate pulses. The first 
clock 46 measTires the frequency of the pulses from the second rotary encoder and 
generates a signal representative of the speed of rotarion of the handwheeL An amplifier 
38 applies a gain to dbe signal representative of the speed of rotation of the handwheel to 
generate an axisplified speed signal. The gain of the amplifier increases wiih the magntode 
of signal representative of the Speed of rotation of fhehan^ Fi^iue S shows the gain 

c3iaractenstic 63 of the ani^lifier 38 with gain plotted against magnitude of the signal 
reE^esCTtativB of the speed of rotation of tiie hasodwheel. Gain is plotted on the y-axis 65 
and magnitude of the hand'vvlieel speed signal on the x-axis 67. The gain of the amplifier 
tta^e&tre detennines the ratio of the speeds of roktion of the chncfc and the handwheel. 
iTie an^Ufifid speed si^pcial is applied to a first proportional plus integral <PI) controU^ 60. 

The spindle of the fSrst motor 26 rotates and canses the first rotary encoder 28 to generate 
pulses, A third clock 62 measures the firequency of the pulses and generates a signal 
representative of the speed of rotation of tJae first motor. The signal representative of the 
speed of rotation of the first motor is applied to the PI controller 60. A current sensor (not 
shown) measures the currept flowing through the first motor and generates a ^gnat 
r^esentative of the current flowing througji thp first motor. The current sensor transmits 
the signal to the first PI controller 60. The first PI cOTtroHcr 60 generates a FWM voltage 
to drive the first h-bridge 48 to cause the spindle of the first motor to rotace ^fb& speed* 
determined by the gain of the first amplifio: 58, whilst ensuring that the cuiieGEit flowing 
through die motor remams bdow a safe limit. The cunrait Ixnuting operation of the first 
PI controller 60 Is explained in more detail below hi relation to Figure 9. The battezy 24, 
which was omitted firom Figures 4 to 6 for the purpose of darfly, is shown in Figure 7 
corinecied to the first h-bridge 48 and the second h-bridge 64 across whicSi the second 
motor 32 is connected. 

The piezoelectric crystal 42 and 44 generates a voltage proportional to the torque 
developed by the first motor 26. An attenuator 66 attenuates the voJtage generated by the 
crystal 42 to generate a signal rqaresentative of a fraction of the torque developed by the 
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first motor 26. Tb& atteuaated torqute signal is ^plied to a Becond H controDex. A 
curfeot sensor 70 generates a signal representative of tbe current flowing throng the 
second motor 32 from liie second h-tridge 64. A second microprocessor 72 generates a 
signal representative of an estiojated torqoe developed by the second motor 32 and applies 
this ^sosH to a second PI controller 68. Tbe second PI controller generates a PWM 
voltage to drive ^e second h-bridge 64 so as to cause the second motor 32 to generate a 
torque equal to the fraction, of die torque generated l>y the first motor 26. 

Turning to Figure 9, tbe current limiting operation of die first PI controller 60 is shown. 
The PI controller 60 in fact conai»ises an outer, rdatively slow H comroller 74, a current 
limiter 76 and an innfix, relatively fest H conttollcar 78. U Pigure 9 fine JSrst h-bridge 48, 
first motor 26, first rotary encoder 28, second dock 62 and cunrot sensor of Figure 7 axe 
r^rraented by tbie ftmctiaQal block 80. 

The outer H controller 74 receives signals rqjresentative of a demanded motor speed from 
file amplifier 58 and signals representative of tbe actual motor speed from the first rotary 
encoder 28 and diitd clock 62 and generates a signal representative of a demanded curtent. 
The demanded current is tiiai which wiU cause die actual motor speed to approadi die 
demanded motor speed. The signal representative of the demanded current is transmitted 
to the CDrrent limiter 76, which eiflier ttansmits die signal i^esentative of the demanded 
cuneirf to the inner PI contronec 78. or if ife signal representative of the demanded 
current exceeds a tfcreshold value, transmits a signal representative of a limited demanded 
cttrredit to flie inner PI controller 78. 

The inner PI controller receives the signal represeatadve of the demanded current (whether 
or not limitwO and a sign^ representative of the actual motor caa&a from the current 
sensor. The inner H ooooUroHer geueraies a PWM voltage to drive the first hrbridge so as 
to cause The actual current flowing throngji the motor to ^oach the demanded current. 

Figure 10 Shows a variaiion of the control scheme shown in Figure 7. in which a torque 
developed by the first motor is calculated from parameters of the first motor related to 
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torque^ raflier titian measured dkecay. The operatioa of tbt first motor 26> firfit rotary 
eocoder 28, second motoir 32, second rotary ejiooder 56, &st clock: 46, amplifier 58 » first 
FI coxKtroller 60, first ti-bridge 48, attemiator 66. second H controller 68^ current sensor 
70, microprocessor 72 and third clock 62 Is as previously described in relation to Figure 7. 
However^ the first PI controller 60 receives the signals representative of the first motor 
cirrreitt from voltage and current sensors 82 operahlc to generate signals representative of 
tibie voltage developed across, and current flowing in, the first motor 26. 

Tbi^ voltage and cnxxent semsors 82 transmit signals represratative of the voltage developed 
across, afid current flowing in, tibe first motor 26 to a second microprocessor 84. The 
second microprocessor also receive pids^ ficom the first rotary encoder 28 and generates 
a signal i€{»:esentatLve of the load torque developed by the first motor 26, which is 
transmitted to the attenuator 66. The second microprocessor 84 implement a model of the 
motor, which is e:splained in greater detail beiow with reference to Figme 14. The 
attenuated rarque signal is transmitted to the second PI controller 68 to cause Hxs secoiid 
motw 32 to geuerate a torque is'oportional to the load tsorque generated by th^ firat motor, 
which torque opposes the rotation of the handwheel 14, as previously descxibed. 

Turning to Figure 14, this shows the model jtaplemented by the second microprocessor 84. 
In the following descriptioH it is to be assumed that signals representative of a particular 
variable are signals r^esentative of the Laplace transform of ihat variable. The second 
microprocessor receives a signal representative of the voltage applied to the first motor 26, 
and ihe current through it and a signal representative of the angular displacement of the 
rotor of the first motor firom a refeience odentation. From previous angular di^placfflnent 
signals fte second microprocessor deteonines the actual speed of rotation of the rotor of 
fltie first motor. Using the model an estimate of the motor current and ^eed may be made. 
The estimated speed generates a sigxxal representative of the hack emf generated fay the first 
motc»r. The back emf signal is substracted from the motor voltage signal to generate a 
signal rq>resentatrve of the estiwxated voltage across the windings of the first motor. The 
sec6nd microprocessor uses the estimated windings voltage signal to generate a s^al 
representative motor current and of the total electrical torque generated by the first motor 
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26. The second microprocessor also generates a signal representative of a predicted load 
torque geoeraied by the first inotor by comparing the actual current and speed against the 
estiroites sM subtracts the signal rq,resentative of the predicted load torque from the 
signal representative of the total electrical torque to generate a signal repteseatatilve of the 
accelerating torque developed by the first motor. The secwid microprocessor geoeiates a 
signal representative of the estimated speed of rotation of the rotor of ihe first motor fim 
the accelerating torque signal, from wMch the bade emf sigaal tef«f«l to earlier is 

Th6 second microprocessor generates from Oie estimated rotor speed signal a signal 
rep^seaianve of die estimated angular displacement of the rotor from the reference 
orison and conq,ares the estimated angalar displacement signal ^ a signal 
xaiwese»tative of the actual di^lacemcttt of the rotor genemted by the mt rotary 

encoder 28. The second microEwocessor adjusts the predicted load torque signal to reduce 
the di^teoce between die acmal and estimate! angular displacement signals and the 
difftittnce between the actual and estimated motor current. 

The variables shown in the model of Figure 14 are as foDows; 

V«jve(s)- Laplace transform of the voltage ^lied to the first motor 26- 
torcjue constant of die first motor; 

armature resistance of the first motor; 
armature inductance of the first motor; 
s " the Laplace variable; 

XeteCs) " Laplace tranafoxm of thetotil eaectrical torque of the first motor; 
TtadCs) - Laplace ttansfoim of the load torque of the first motor; 
T.««(s) - L^lace transform of the accelerafmg torque of the first motor; 
ftietion coefficient of the first motor and gearbox; 
inertia of the rotor of the first motor and gearbox; 

Laplace transform of Oie estimated angular displacement of the rotor of the 
first xxiotor; 



R 
L 



b 
J 

e(s) 



ll-JUN-2003 15:ro FROM KEITH W NflSH & CO tD PD NEWPORT FAX P.i? 

c 

13 



" electric coastant of the tixst motor; and 
Vittnir " l^lace trasffform of the estima^ bade emf of the motor. 

Itetttming to Pigores 11 and 12, the handwheel assembly of the drill of Figures 1 and 2 
compmes the handwheel 14, folding handle 38. spindle 86 tci which the handwheeH is 
attached, circular thrust plwe SS through which the spindle 86 passes, and microswitch 90. 
The folding handle 38 is pivotaUy attached to the haadwheel 14 and is fonned wim a cam 
92. In tiie folded position (as shown in Figure 11) the cam does not engage with the thrust 
pkte SS, which is biased towards the handwheel 14 by the microswitch, the extended 
position, however, (as shown in Figure 12) the cam eng^es with the thrust plate 88, 
which causes the xcdaoswitch to be depr^ed> closing the micros witch.. The second rotary 
encoder 56 is connected to ilie first cloot 46 by the xtucrDawhnh sudi rhat the handwheel is 
operable to control the rotation of the dmdk only when the handle 38 is in the extended 
position and tlie mdoroswitch dosed. When the handle 38 is in the folded position (and 
therefore inoperable to coxitrol the rotation of the:Ctauc^, the rotaHon of the chuds may be 
controlled by the trigger switcdai 20, in the manner known £tom conventional cordless 
drills. 



Figure 13 shows a hand whisk 94 in accordance with the first aspect of the invejitioa. It 
will be appreciated that the electric hand whisk has two chucks (not shown in Figure 13), 
one for each whisking element 96 and 98. The hand whisk 94 has a htodwheel and a 
handle 102, in this embodiment of the invention the handle 102 is not foldable, since the 
whisk can be disabled shnply by ui^lugging it jfrom the mams electricity oudet to which it 
is connected. 



D: will be apparent that the foregoing descaription relates only to six embodhnems of the 
invention, and that the invention encompasses other embodiments as Hfti^TiR/i by the 
foregoing statements of the invention. 
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